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Evaluating Sediment Heavy Metal Pollution Level and Monitoring
Network Representativeness at the Upstream Points of the
Gangjeong-Goryeong Weir in the Nakdong River

Jung Min Ahn, Teo Hyo Im, Sungmin Kim, Sangsu Lee, Shin Kim, Kwon Cheol Lee,
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National Institute of Environmental Research, Nakdong River Environment Research Cente, Goryeong 40438, Korea

Abstract

In this study, heavy metal levels at the sediment monitoring network site upstream of the Gangjeong-Goryeong weir in the
Nakdong River were surveyed from 2012 to 2016. We assessed the sediment pollution level using various pollution indexes based on
ICP-MS analysis. The stream sediment pollution assessment standard, established through Regulation No. 687 of the National
Institute of Environmental Research (2015), pollution load index (PLI), potential ecological risk index (RI), and mean PEL Quotient
(mPELQ) were used to evaluate the sediment pollution level. We verified the representativeness of the monitoring point through the
distribution of sedimentation and scour behavior by river bed surveying using anacousticDopplercurrentprofiler.
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Fig. 1. Study area.
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Fig. 2. Aerial photograph on the study area.
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Table 1. Pollution assessment standards according to stream sediment item

Item Grade I 11 111 111

Copper (mg/kg) <48 <228 < 1,890 > 1,890
Lead (mg/kg) <359 <154 <459 > 459
Nickel (mg/kg) <40 <875 <330 >330

Metals Arsenic (mg/kg) <15 <447 <92.1 >92.1
Mercury (mg/kg) < 0.07 < 0.67 <214 >2.14
Iron (mg/kg) <363 < 1,170 < 13,000 > 13,000
Cadmium (mg/kg) <04 < 1.87 < 6.09 >6.09
Chromium (mg/kg) <112 <224 <991 >991

% Pollution assessment standards : normal (all 8 metals are grade I), slightly bad (at least 1 out of 8 metals are grade II or grade
III), bad (“metal grade II standard index” 0.34 or higher), very bad (at least 1 metal is grade IV).

Taylor(1964) and Onyari et al.(2003)]] 2]3f X 1%
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2.2.3. Pollution Load Index (PLI)

PLI (Pollution Load Index)+= £54:9] 491

20 Bahs BAskzT] g ER] 2 Aol A 87



Table 2. Classification of RI and level of contamination

Mol 334 0% U Y H7H 481

Potential ecological risk index method (RI)

Level of contamination

RI< 150
150 <RI <300
300 <RI <600
RI> 600

Low ecological risk
Moderate ecological risk
Considerable ecological risk

Very high ecological risk

ZH4E AAE o|835te] AALSHITE the Pollution
Load Index (PLI)+= Concentration Factors (CF)2] g+
SR FolAlt CFE 7 53459 FES the
HOog dojztt. PLI= 2 Sa5ol dis dolxl
n-cfs 22 E] nrootE J2 02K AAFETKSoares et
al., 1999). PLI= 1Ht} 3 @ A%, 15}t 2Ho
H ool FR| g2 Ao 7 WA Harikumar et
al., 2009). ¥HFA S & PLI= Tomlinson et al.(1980)
of| o 7= qlom, A (1) ok

PLI=n,/CF, X CF, x---x CF, )

6]7] A, CF : Contamination Factor, n : £3459]
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(RI)
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o}—E— 87l ¥4~ (Pb, Zn, Cu, Cr, Ni, As, Cd, Hg)E 9|
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H AF= 9] 3HAF X & Z A= Acoustic Doppler Current

Profiler (ADCP)& ©]-85}o] 4235} thTable 3). &
RRle] 541 B} spe] A7 S4L woks}
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Table 3. Equipment specification

2
O
oad

[

2

Velocity measurement

Profiling range (distance)
Profiling range (velocity)
Accuracy

Resolution

Number of cells

Cell size

0.06 to 40m

+20 m/s

+0.25% of measured velocity
0.001 m/s

Up to 128

0.02 to 4m

Transducer configuration

Nine (9) transducers
Dual 4-beam 3.0 MHz/1.0 MHz
Janus at 25° slant angle

0.5 MHz vertical beam

Depth measurement

Range
Accuracy

Resolution

0.20 to 80m
1%
0.001 m

Discharge measurement

Range with bottom-track
Range with RTK GPS

Computations

0.3 to 40m
0.3to 80 m

Internal

(Differential Global Positioning System) ®'H-2- o]-&-
stof 24515k Trimble DGPSe] J3) 1412 274
5F%0H, beacon Ao I AeeAE Y
slol AW sk 91718 A4shs Ahulolck DGPSE
449) DGPS 7|2 HFEIER G, AHgE}e
300 kHz)ollA] HUfji== = DGPS HAHAIA|Ql
RTCM-104 (the radio technical commission for
maritime services) L2 EZ-2- Beacon $3A17]0| A 4=

Table 4. System and transformation parameters for coordinate

Al, GPS A7 = FAlske alide) 15 AARith
DGPS®] ¢x] ARE o]L3}o] navigation S/W
(navi-pac)oflA] AAIZEO R 2AMIS] 9425 HUH
ote] AP FHAo] AR stk
2 Ao A AREBh HA] = WGS84 23t
= UTM (Universal Transverse Mercator, 52S zone)
@R Wekslo] ALgsilon], i wel s
= Table 42} 2}, 424 SF=A7|E RES] 417

= O 1

Type Coordinate transformation parameters
Ellipsoid WGS84
Projection UTM (Universal Transverse Mercator)
Zone 528
Central meridian 129°00 " 00 ” E
Origin latitude 00°00 " 00 ” N
Scale factor 0.9996
False easting 500,000
False northing 0
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Fig. 3. Concept of river bed surveying.
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Table 5. Results of pollution assessment at the points(Unit : mg/kg)

Year Half Point Pb Zn Cu Cr Ni As Cd Hg
Level 1 1 1 1 1 1 1 I
DasaU
. Con. 15.0 55.5 9.1 234 8.1 6.8 0.40 0.003
First
Level I 1 1 1 1 1 I 1
Dasa
012 Con. 19.2 99.6 18.7 34.1 13.8 9.0 0.59 0.026
Level I 1 1 1 1 1 1 1
DasaU
Con. 133 66.2 10.4 21.0 7.5 6.1 0.21 0.012
Second
Level I 1 1 1 1 1 1 I
Dasa
Con. 14.0 86.6 14.8 28.1 10.3 59 0.34 0.025
Level 1 1 1 1 1 1 1 1
DasaU
- Con. 18.7 92.3 12.6 38.5 13.8 7.7 0.32 0.028
1rst
Level I 1 1 1 1 1 1 1
Dasa
2013 Con. 13.2 47.7 54 26.9 8.4 4.9 0.17 0.007
Level I 1 1 1 1 1 1 I
DasaU
Con. 16.3 43.7 5.0 335 11.3 5.1 0.13 0.030
Second
Level I 1 1 1 1 1 1 1
Dasa
Con. 17.4 63.1 6.8 32.0 11.1 5.6 0.21 0.013
Level I 1 1 1 1 1 1 1
DasaU
Fi Con. 20.5 113.7 15.0 50.9 16.1 9.6 0.33 0.029
irst
Level I 1 1 1 1 1 1 I
Dasa
014 Con. 14.5 53.6 5.1 26.7 8.8 5.7 0.11 0.008
Level I 1 1 1 1 1 I 1
DasaU
Con. 28.6 175.8 259 51.3 26.4 12.4 0.51 0.057
Second
Level I 1 1 1 1 1 I 1
Dasa
Con. 23.5 134.0 18.0 44.6 19.7 9.6 0.51 0.037
Level 1 1 1 1 1 1 1 1T
DasaU
Fi Con. 334 189.6 29.2 67.0 33.1 11.2 0.34 0.077
irst
Level I 1 1 1 1 1 1 1T
Dasa
2015 Con. 31.3 171.1 27.1 62.5 26.8 9.9 0.32 0.081
Level I 1 1 1 1 1 1 1
DasaU
Con. 30.8 82.6 13.6 73.9 22.1 6.6 0.19 0.012
Second
Level 1 1 1 1 1 1 1 I
Dasa
Con. 374 133.9 20.9 54.6 29.5 8.2 0.31 0.030
Level 1 1 1 1 1 1 1 1T
DasaU
Fi Con. 332 174 22.4 64.4 31.6 11 0.35 0.074
rst
Level I 1 1 1 1 1 1 1
Dasa
2016 Con. 29.6 127.3 13.4 49.2 23 6.8 0.29 0.044
Level 1 1 1 1 1 1 1 I
DasaU
Con. 20.2 57.0 8.9 20.4 10.0 4.5 0.27 0.019
Second
Level I 1 1 1 1 1 I 1
Dasa

Con. 26.6 120.4 18.2 32.8 19.0 7.1 0.49 0.038
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Gangjeong-Goryeong weir

Fig. 7. Result of river bed surveying (2D).

Gangjeong-Goryeong weir

Fig. 8. Result of river bed surveying (3D).
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